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Figure 1: Plot showing the delivered/recorded luminosity for LHCb over 3 years of data taking[1].

1. Introduction

One of the unsolved puzzles of nature is the source of the matter-antimatter asymmetry. The
Standard Model (SM) makes predictions for CP (Charge-Parity) violation which is a process that is
needed for such an asymmetry. However, the amount of CP violation predicted is too small to ex-
plain the observable universe. The LHCb collaboration aims to test the SM predictions and search
for new sources of CP violation. Over the course of two years the LHCb experiment collected
over 3fb−1 of data from p-p collisions at 7 and 8TeV (Fig. 1). This article gives an overview of
measurements of the CP violating phase φs with this data.

2. Phenomenology

CP violation in the Standard Model arises from a single complex phase in the CKM matrix.
For decay modes involving b→ cc̄s quark transitions, CP violation arises from the interference
between neutral meson mixing (Fig. 2b) and decay to a CP eigenstate (Fig. 2a). For modes where
the initial meson is a B0

s or a B̄0
s the measured phase is called φs. Neglecting penguin contributions,

the weak phase can be expressed as follows:

φ
SM
s = 2arg

(
− VcsV ∗cb

VtsV ∗tb

)
=−2βs (2.1)

φ
SM
s = φMixing−2φDecay =−2βs (2.2)

This value is predicted to be small as φDecay = 0, and φMixing ≈ 0. New Physics can modify
this leading to a measurable divergence from the SM prediction.

3. CP violation in B0
s → J/ψK+K−

This mode is often referred to as the Golden Mode for measurements of φs due to the high
yield of events. This decay occurs via a pseudoscalar to vector-vector transition so to extract a
measurement of φs an angular fit must be performed to separate the CP-even and CP-odd compo-
nents. From a fit to the decay time and helicity angles (Fig. 3), values can be measured for Γs, ∆Γs
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(a) Tree level decay of B0
s → J/ψK+K−. (b) Neutral meson mixing (B0

s − B̄0
s ).

Figure 2: Feynman diagrams describing B0
s → J/ψh+h− decay and B0

s − B̄0
s mixing.

(the average and difference in the decay widths of the heavy and light B0
s mass eigenstates) and φs.

With 1fb−1 of data the results are[2]:

Γs = 0.663±0.005(stat.)±0.006(syst.)ps−1

∆Γs = 0.100±0.016(stat.)±0.003(syst.)ps−1

φs = 0.07±0.09(stat.)±0.01(syst.)rad

Since this conference an updated measurement of Γs, ∆Γs and φs has been made with mode
using the full 3fb−1 of data available [5].

4. CP violation in B0
s → J/ψπ+π−

Unlike the B0
s → J/ψK+K− mode, the final state of this mode is mostly CP odd (> 97.7%).

For this analysis two complementary methods were used; one method where the final state is as-
sumed to be 100% CP odd so no angular analysis is needed and a time-dependent Dalitz analysis.
Plots of the projection of the dipion recontructed mass and helicity angles are shown in Fig. 4.
These methods result in a measurement of φs with 3fb−1 of data as[3]:

φs = 0.070 ± 0.068(stat.) ± 0.008(syst.) rad

5. Summary

The LHCb Collaboration has made a significant contribution to the measurement of φ cc̄s
s

through various channels. At the end of three years of data taking LHCb has provided the most
precise measurement of this CP violating phase (Fig. 5). There will be an updated value of φs from
B0

s → J/ψK+K− using 3fb−1, and a new combination including other modes. There is also work
on measurements from new modes such as B0

s → ψ(2S)φ .
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(a) Fit to the decay-time distribution(log scale).
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(b) Fit to cos(θK).
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(c) Fit to cos(θµ).
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(d) Fit to φh.

Figure 3: Plots showing the fit to the decay time and helicity angle distributions of B0
s → J/ψK+K−

decays. The blue line is the total signal contribution, which is composed of CP-even(long-dashed
red), CP-odd (short-dashed green) and S-wave (dotted-dashed purple)[2].
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Figure 2: Projections of (a) m(⇡+⇡�), (b) cos ✓⇡⇡, (c) cos ✓J/ and (d) � [10]. The points with
error bars are data, the signal fits are shown with (red) dashed lines, the background with a
(black) dotted lines, and the (blue) solid lines represent the total fits. The di↵erence between
the data and the fits divided by the uncertainty on the data is shown below.

tial flavour
( )

B 0
s meson, which has a linear dependence on ⌘. The calibration is performed122

separately for the OS and the SSK taggers. When events are tagged by both the OS and123

the SSK algorithms, a combined tag decision and wrong-tag probability are given by the124

algorithm defined in Ref. [26]. This combined algorithm is implemented in the overall fit.125

The overall e↵ective tagging power obtained is characterized by "tagD
2 = (3.89 ± 0.25)%,126

where D ⌘ (1 � 2!avg) is the dilution, !avg is the average wrong-tag probability, and127

"tag = (68.68 ± 0.33)% is the signal tagging e�ciency. The overall tagging power is im-128

proved by about 60% with respect to the previous analysis mainly due to the inclusion129

of the SSK tagger, which has an tagging power about 40% better than that described in130

Ref. [4], due to the use of a neural-network based selection. In addition, the OS algorithms131

discussed in Ref. [26] have been re-optimised using the full available dataset.132
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Figure 4: Projections of (a) m(π+π−), and the three helicity angles (b) cos(θππ), (c) cos(θJ/ψ)

and (d) χ . The points with error bars are data, the signal fit is shown with a (red) dashed line, the
background with a (black) dotted line, and the (blue) solid line represents the total[3].
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(a) Comparison of φs vs ∆Γ measurements[4].
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(b) Comparison of measurements of φs from B0
s →

J/ψ(K+K−)/(π+π−) modes from different experi-
ments.

Figure 5: Plots showing measurements of φs from different experiments and their combination.

References

[1] LHCb Operations, http:
//lhcb-operationsplots.web.cern.ch/lhcb-operationsplots/index.htm.

[2] Aaij, Roel and others, Measurement of CP violation and the B0
s meson decay width difference with

B0
s → J/ψK+K− and B0

s → J/ψπ+π− decays,
Phys.Rev.D 87 112010 (2013)[arXiv:1304.2600 [hep-ex]].

[3] Aaij, Roel and others, Measurement of the CP-violating phase φs in B0
s → J/ψπ+π− decays,

Phys.Lett B736(2014) [arXiv:1405.4140 [hep-ex]].

[4] Heavy Flavour Averaging Group(HFAG), http://www.slac.stanford.edu/xorg/hfag/
osc/fall_2014/BETAS/hfag_Fall2014_DGsphis_zoom.pdf.

[5] Aaij, Roel and others, Precision measurement of CP violation in B0
s → J/ψK+K− decays,

Phys. Rev. Lett. 114 041801 (2015)[arXiv:1411.3104 [hep-ex]].

5


